Introductionstrong salinity and temperature oscillations (Sutherland 1974) , and fast urban development, resulting 129 in increased sediment runoff, nutrient, and organic inputs in the semi-confined waters of the Sound 130 (Mallin et al. 1999) . In particular, the investigated population of S. plicata is greatly reduced every 131 spring-early summer, corresponding with sharp increases in temperature and low salinity values 132 (Pineda et al. 2012b ). We did not observe, however, a complete elimination of the resident population 133 in any of our samplings, suggesting that at least a few individuals within the population can withstand 134 these periodic events. 135
Samples were handpicked from the floating docks, immediately placed in a bucket with ambient 136 seawater, and transported to the lab (less than 100 m away). Once in the lab, ascidians were carefully 137 dissected to avoid perforating their stomach and digestive track, and muscular tissue from the mantle 138 or the siphon was immediately preserved in 100% ethanol and stored at -20ºC until further processed. 139
Total DNA from muscular tissue was extracted using the REDExtract-N-Amp Tissue PCR Kit 140 (Sigma-Aldrich) following the manufacturer's protocol. 141
142

DNA sequencing 143
The universal primers LCO1490 and HCO2198 described in Folmer et al. (1994) were used to amplify 144 a fragment of the mitochondrial gene Cytochrome Oxidase subunit I (COI) from 196 individuals (final 145 length after trimming was 627 bp). Amplifications were performed in a final volume of 20 µL using 146 10 µL of REDExtract-N-amp PCR reaction mix (Sigma-Aldrich), 0.8 µL of each primer (10µM) and 2 147 µL of template DNA. The PCR program consisted of an initial denaturing step at 94ºC for 2 min, 30 148 amplification cycles (denaturing at 94 ºC for 45 seconds, annealing at 50 ºC for 45 seconds and 149 extension at 72ºC for 50 seconds), and a final extension at 72 ºC for 5 min, on a PCR System 9700 150
Microsatellites genotyping 156
We used seven microsatellite loci specifically isolated for this species (Valero-Jiménez et al. 2012) : 157 SPM 1, SPM 2, SPM 3, SPM 4, SPM 9, SPM 10 and SPM 13, and genotyped the 196 individuals 158 sampled. These 7 microsatellites did not show linkage disequilibrium and therefore could be treated as 159 independent loci (Valero-Jiménez et al. 2012) . PCR amplification was performed with 5 µL of 160 REDExtract-N-amp PCR reaction mix, 0.4 µL (10 µM) of each primer, 1 µL of template DNA and 3.2 161 µL of PCR water to a total reaction volume of 10 µL. Forward primers for each locus were labelled 162 with a fluorescent dye. The PCR amplification profile consisted of a single denaturation step at 95 ºC 163 for 1 minute; followed by 35 cycles of 95 ºC for 30 seconds, 50 to 56 ºC (depending on each primer 164 set) for 15 seconds and 72 ºC for 15 seconds, and then a final extension of 72 ºC for 3 minutes. 165
Samples were analyzed on an Applied Biosystems 3730xl Genetic Analyzer available at the Scientific 166
and Technological Centre of the University of Barcelona (CCiTUB) with the internal size standard 167
GeneScan LIZ 600 (Applied Biosystems, Foster City, CA). The software PEAK SCANNER © v 1.0 168 (Applied Biosystems) was used for peak recording and microsatellite allele sizing. 169
170
Data analysis 171
For data analyses, we considered each sampled period (07FM, Haplotype diversity (Hd) and nucleotide diversity (π) for the COI gene were computed using the 178 software DnaSP v.5 (Librado and Rozas 2009). The complete COI dataset was used for constructing 179 an unrooted median-joining network with Network v 4.5. 1.6 (Bandelt et al. 1999) . The relationship of 180 the COI haplotypes retrieved in this study with previously published S. plicata COI haplotypes (Barros 181 et al. 2009; Perez-Portela et al. 2009; Pineda et al. 2011; Torkkola et al. 2013 ) was determined with a 182 neighbor-joining tree built using the Kimura 2-parameter model in MEGA v.5.0 (Tamura et al. 2011) . 183
For microsatellite loci we used the program GenAlex v 6.501 (Peakall and Smouse 2012) to 184 transform the microsatellite data into the adequate input formats for the different programs used. 185
Genetic diversity values were estimated using the expected heterozygosities (He) obtained with 186 ARLEQUIN v 3.5.1.2 (Excoffier and Lischer 2010). Values of the fixation index (F IS ), commonly 187 known as the inbreeding coefficient, were obtained with the software Genetix v 4.05 (Belkhir et al. 188 2004) , and its significance was tested with 10,000 bootstrap replicates. Allelic richness for all 189 microsatellite loci and their average were calculated using FSTAT 2.9.3.2 with a correction for sample 190 size (i.e., values were rarefied to the smallest sample size obtained). Differences in allelic richness, 191 expected heterozygosity, and inbreeding coefficient among all time periods were assessed with all 7 192 microsatellites with a one-way repeated-measures ANOVA (locus being the repeated factor), while 193 specific differences before and after the massive die-offs were assessed with a paired-sample t-test 194 between June-July and October-November for each year, separately. The assumptions of normality 195 and sphericity -for repeated-measures designs, Scheiner and Gurevitch (2001)-were tested before the 196 analyses, and rank-transformed data were used whenever assumptions were not met. Statistical 197 analyses and graphs were performed using the software SigmaPlot v. 11.0 (Systat Software Inc.) and 198 Statistica 6.1 (StatSoft Inc.) . 199
In order to detect differences in genetic structure among time periods we performed additional 200 analyses combining all loci (the mitochondrial COI and the nuclear microsatellite data). To assess the 201 number of genetically homogeneous units and its time course we did a Bayesian clustering analysis 202 using the software STRUCTURE v 2.3. We used the admixture model because it performs better than 203 other models for detecting genetic structure even in situations of low levels of genetic divergence or a 204 limited number of loci (Hubisz et al. 2009 ). Ten independent runs were performed with increasing 205 values of K (genetically homogenous clusters) from 1 to 15 using 100,000 iterations and a burn-in 206 period of 20,000. We ran STRUCTURE HARVESTER v 0.6.93 to merge the results from the 10 runs 207 with the most likely K. The representation of the second order rate of change of the likelihood function 208 with respect to K (∆K) gave us the most probable K (Evanno et al. 2005) . A discriminant analysis of 209 principal components (DAPC, Jombart et al. 2010 ) was also performed on the combined dataset to 210 visualize differences in genetic structure among time periods. DAPC was performed (function dapc) 211 with the adegenet package for R (Jombart 2008) using pre-defined groups corresponding to sampling 212
periods. 213
Pairwise genetic differences (F ST ) between sampling periods and their significance 214 (permutation tests, 10,000 replicates) were separately calculated for each marker (COI gene and 215 microsatellite loci) with the program ARLEQUIN. A correction for multiple comparisons was applied 216 following the Benjamini and Yekutieli False Discovery Rate correction (Narum 2006): as we had 105 217 comparisons, the pairwise error rate was set at 0.009 to keep an overall experiment wise error rate of 218 0.05. Pairwise genetic differences among sampling periods were also calculated using the estimator 219 Analyses of molecular variance (AMOVA) were performed separately for the COI gene and 225 microsatellite loci using haplotype and genotype frequencies respectively. Differences in population 226 structure were assessed by grouping sampling periods under two different criteria: within years (2007, 227 2008 and 2009 ) and before and after the massive die-offs observed every June (Pineda et al. 2012b) . 228
To test for differences following this last criterion, sampling periods were divided in 5 groups: Group 229 1: 07FM, 07AM, 07JJ; Group 2: 07AS, 07ON, 07DJ; Group 3: 08FM, 08AM, 08JJ; Group 4: 08AS, 230 08ON, 08DJ; Group 5: 09FM, 09AM, 09JJ. Significance was tested by running 10,000 permutations 231 in ARLEQUIN. 232
233
Results
235
We found 24 COI haplotypes in the Styela plicata population fouling the docks of UNCW Center for 236
Marine Science, of which two were clearly dominant (H1 and H2) and were present at all time-points 237 (Fig. 1, Online Resource 2). A series of low-frequency haplotypes were detected only sporadically. 238
Private haplotypes were more numerous in October-November 2008 (in white, Fig. 1A ), increasing 239 haplotype diversity to 0.912. Aside from this period, the number of haplotypes observed in our 240 samples ranged between 2 and 7, and haplotype diversity between 0.491 and 0.756, (Fig. 1 Neighbor-Joining phylogenetic tree (Online Resource 3) that revealed that all haplotypes except for 247 H18 belonged to Group 2 as defined by Pineda et al. (2011) . (Fig. 2a) . The values of allelic 252 richness showed a trend similar to He (Fig. 2b) Gains and losses of alleles from one observation time to the next were recorded at all periods 269 (Online Resources 2 and 5), and the net result (gains minus losses) combining COI and microsatellite 270 loci, is depicted in Fig 2c. From April to July the trend was to lose alleles and from August to 271
November to gain them in all years. In December-January 2007-08 there is a marked loss followed by 272 an important gain in February-March 2008, and the same pattern, albeit less marked, is seen the 273 following year (Fig. 2c) . 274
The STRUCTURE analysis on the combined dataset (COI and microsatellites) pointed to the 275 existence of two main genetic pools (Online Resource 6) that were present at all sampling periods with 276 no distinguishable temporal trend (Fig. 3) . The number of individuals with high posterior probability 277 (>0.9) of assignment to one or the other pool was low, indicating admixture between these two pools 278 in the population. Similarly, the DAPC failed to show any clear differentiation of the temporal groups 279 considered, with inertia ellipses mostly overlapping (Fig. 4) For both COI and microsatellite data, and independently of the grouping strategy used, most of 291 the genetic variation was found within time periods and not among them (AMOVA, Table 3 ). For the 292 COI gene, no significant genetic variation was found among years or among groups separated by 293 annual massive mortality events. However, low but significant levels of variation among time periods 294 for the three grouping strategies employed (years, groups by mortality events and without grouping) 295
were detected with the microsatellite data ( Table 3) . 296
297
Discussion 298
299
Temporal genetic analyses of a population of the ascidian Styela plicata located in an unstable habitat 300 in the Intracoastal Waterway at Wilmington (NC) revealed an overall genetic stability over a period of 301 two and a half years. During this period, moderate values of genetic diversity were persistent, and no 302 clear grouping was obtained with STRUCTURE, DAPC, or AMOVA analyses. However, the time 303 course of the genetic diversity and inbreeding levels assessed with microsatellite data showed peaks of 304 diversity accompanied with negative inbreeding values in summer-fall. In addition, high levels of 305 allele richness and gain of novel COI haplotypes and microsatellite alleles were detected on the 306 months following massive die-offs. These increases in genetic diversity suggest the arrival of recruits 307 from other populations bringing with them new genetic variants. Peaks of diversity were detected both 308 years a few months after massive die-offs in June due to sharp increase in temperatures and low 309 salinity values (Pineda et al. 2012b ). Since we preferably sampled large individuals, and since it takes 310 a few months for this species to reach adult sizes (Yamaguchi 1975) , we are likely to be sampling 311 specimens that arrived 1-3 months earlier (i.e., right after the populations reduction). 312
Sharp changes in genetic diversity, allele richness, and gains and losses of alleles were also 313 observed in other seasons (e.g., between December-January 2007-08 and February-March 2008) , 314
indicating that other demographic changes and/or migration episodes unrelated to the annual die-off 315 also occur. Furthermore, pairwise comparisons among time periods using microsatellite data revealed 316 weak but significant differences among many time points, particularly when comparing August-317
September and October-November 2007 with the remaining time periods. The overall picture is that of 318 a dynamic, complex system underlying the maintenance of moderate genetic diversity in this 319
population. 320
The COI dataset failed to detect significant differences among temporal samples that were 321 detected using the microsatellite markers (F ST and AMOVA results). This is not surprising given the 322 higher variability of microsatellite markers, once more confirming that microsatellites are better suited 323 for the study of fine-scale patterns ( hermaphroditic species such as S. plicata, high levels of inbreeding and potential self-fertilization can 346 enable the species to rapidly colonize a new location with just a few individuals and to recover from 347 massive mortality events such as the ones recorded in Wilmington every year. Inbreeding is minimal 348 after the mortality events and increases afterwards, thus it may have a role in the recovery process, 349 coupled with the arrival of recruits from other populations reflected in the increase in novel COI 350 haplotypes and microsatellite alleles after the observed die-offs. 351
Changes in allele frequencies can be due to genetic drift or to nonrandom processes such as 352 mutation, selection, or migration, with standard statistical tests unable to distinguish among them 353 (Waples 1989). In our case, given the population dynamics observed and the relatively short temporal 354 scale of the study, it is unlikely that genetic drift alone could explain the patterns found. The 355 emergence of novel alleles in a population can be the result of gene flow, mutation or both. In a long-356 term study of the invasive ascidian Botryllus schlosseri, mutation was the principal balancing force 357 acting to impede or slow down the purging actions of genetic drift (Reem et al. 2013 ). The short time 358 span of our study and the punctual nature of the observed increase in genetic diversity and allelic 359 richness, suggest that gene flow rather than mutation drove the genetic structure found in this 360 population. Recruits from nearby populations can arrive at different time points, and we found clear 361 evidence for these arrivals every year after the recorded massive die-offs. Periodic die-offs due to 362 harsh environmental conditions, followed by fast recolonization, have also been reported for other 363 ascidian species, such as Ciona intestinalis in the Venice Lagoon (Brunetti and Menin 1977, Marin et 364 al. 1987) . S. plicata is very abundant in North Carolina and there are many populations of this species 365 along the coast (authors' pers. obs.), and it can also be carried by the many boats that navigate the 366 Atlantic Intracoastal Waterway, where the UNCW Center for Marine Science docks are located. 367
On the other hand, alleles that allow a species to survive important fluctuations in salinity and 368 temperature such as the ones recorded in our study site (Pineda et al. 2012b ) may be actively selected. 369
The hypothesized arrival of a genetically diverse assortment of larvae (genotypes) every summer, with 370 subsequent increase in genetic diversity in autumn should yield a population that is adaptively and 371 evolutionarily more resilient to environmental changes. For an introduced species, high genetic 372 diversity and resilience is directly linked to a higher probability of successful establishment and 373 posterior spread (Holland 2001; Dlugosch and Parker 2008; Suarez and Tsutsui 2008; Stapley et al. 374 2010; Rius and Darling 2014) . For instance, the high genetic diversity described in another widely 375 introduced species, the ascidian B. schlosseri, has been demonstrated to play a key role in the 376 successful establishment of this species when introduced into new habitats (Bock et al. 2012; Reem et 377 al. 2013) . 378
In conclusion, we have found that the genetic structure of the investigated population of S. 379 plicata in Wilmington is mostly stable over time albeit punctuated with periodic influx of recruits 380 from different genetic pools. Rapid recolonization events occurred in summer after population 381 reduction episodes due to environmental stress, and episodes of migration occurred punctually at other 382 seasons as well. Thus, we found the genetic signature of a mechanism of periodic replenishment that 383 explains the maintenance of moderate genetic diversity in this population. While genetic information 384 collected at a single point in time often yields an incomplete picture of the ongoing biological 385 processes influencing a species (Gomaa et al. 2011; Goldstien et al. 2013; Habel et al. 2013 
